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PROMONTORY 
EXECUTIVE SUMMARY 
In 1863, while the Civil War was dividing the 
East, a monumental project began in the West. Plans 
had been finalized for a railroad that would unify the 
country in commerce and migration. Two companies 
accepted the challenge of laying track across over 
1700 miles of North American soil, from 
Sacramento , California to Omaha, Nebraska. The 
Union Pacific Railroad would come from the East 
and the Central Pacific Railroad from the 
West. Governor Leland Stanford of California broke 
ground for the project on January 8, 1863, and the 
line was finished at Promontory Summit, UT on May 
10, 1869 (NPS, 2013). The 2014 Utah State 
University (USU) Concrete Canoe Team has honored 
the engineers and laborers involved in this project by 
basing this year ' s canoe, Promonto ry, on this historic 
achievement of the 19th century. 
The Agricultural College of Utah was founded 
March 8, 1888 in Logan , UT, but was later renamed 
Utah State University in 1957 (USU, 2010a). Over 
the past 126 years, USU has changed from a small 
agricultural college in a remote valley, to a renowned 
university that offers undergraduate degrees in 168 
programs , and graduate degrees in 143. With 
enrollment of over 27,000, it is the third largest 
university in Utah (USU, 2010b). 
USU' s Concrete Canoe Team is a veteran 
competitor in the Concrete Canoe Competition , 
competing in the Rocky Mountain Student 
Conference since the 1980' s. In 2011, the team 
placed first in the conference competition , and 
appeared at the National Concrete Canoe 
Competition (NCCC) for the first time, placing 16th 
with Tribute. A second conference win in 2012 led to 
an 18th place NCCC finish with Old Ephraim. For the 
third straight year, the USU team placed first at the 
conference competition in 2013 and returned to the 
NCCC with Canoebis, obtaining 5th place and 
becoming the first university from Utah to place in 
the top five at the national level. Canoebis and Old 
Ephraim were among the lightest canoes at the 
competition weighing 124 lbs and 108 lbs, 
respectively. 
The team set high expectations this year with 
new ideas regarding leadership , design , and 
construction . The team captain was chosen by the 
team 's faculty advisor and the captain from 2013. 
This was done as an effort to carry over experience 
and leadership to the new team . Additionally , the 
design team used 3D printing for the first time to 
model potential hull designs , improving the hull 
design by simplifying the modeling process . Since 
the potential hulls varied greatly , a quantitative 
design analysis approach was needed for comparison. 
Turning and drag tests were performed on the models 
in a hydraulics lab and a hull design was chosen for 
Promontory. Table 1 summarizes Promontory' s 
specifications . 
Max. Width 
Hull Thickness 0.375'" 
Concrete Color Li ht Ora 
" steel cable 
When planning the construction phase of 
Promontory, the design team saw that new 
techniques and materials were required to build an 
intricate inlay and gunwale. To create detailed molds, 
Sugru® substitute (a type of modeling clay) was used 
to replicate actual items. The team developed a new 
finishing mix that could match the high level of detail 
found in the complex inlay, and would protect the 






Team has combined 
the best canoe produ 
975 psi @ 14 clays 
alleled engineering feat of the 
the USU Concre Canoe 
ecision and ingenuity to create 
















At the end of the 2012-13 school year, the 2014 
team captain was selected. The faculty advisor met 
with the 2013 captain and discussed the credentials , 
leadership ability , and dedication of the applicants , 
then picked the new captain for 2013-14 . The new 
captain then selected three co-captains from the pool 
of applicants to oversee hull design , aesthetics , and 
the concrete mix design. This new selection process 
ensures that captains are experienced , dedicated , and 
driven to succeed. 
The four captains met in early September to set 
goals and create the project schedule. To establish the 
critical path, the captains determined the tasks that 
needed to be completed on time in order for no 
delays in the project schedule. The captains included 
slack between critical path activities to prepare for 
unforeseen setbacks. The critical path is in gold on 
the project schedule (Pg. 9). The project manager 
used milestones to monitor progress and adjust the 
project schedule as needed (see Table 3). The 
captains met weekly to prepare for upcoming 
milestones and resolve delays. 
None 
I week 
Final Castin None 
The project was held to a strict construction 
schedule due to the amount of time that would be 
• Construction 
■ Design 
■ Mix Des i n 
■ Des ign Paper 
Analys is 
• Mana ement 
spent on form 
preparation and 
post-cast work. 
The team replaced 
meeting times 
with construction 




hours to the project. 
Figure I: Distributi on of Person-Hours The distribution of 
these hours is shown in Figure 1. 
After selecting a railroad theme , a team trip was 
taken at the beginning of the 2013-14 academic year 
to the Golden Spike National Historic Site located at 
Promontory Summit, UT. The functioning replicas of 
the original trains and the historical items found at 
the site inspired the design of Promontory' s 
aesthetics , stands , display , and cross section. This trip 
to Promontory Summit allowed the project to flow 
smoothly from the concept phase into the design 
phase. 
One of the captains ' primary goals was to reduce 
construction costs to compensate for conference 
travel costs (see Figure 2). The previous year ' s 
budget was 
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Figure 2: Allocation of Funds 
For example , instead of purchasing name brand 
Sugru®, a homemade substitute was created that had 
the same molding properties , but reduced costs by 
83%. This cost reduction allowed for extensive use of 
the Sugru® substitute during both the detailed mold 
testing and form construction phases . 
The team captains closely monitored quality 
control throughout Promontory 's construction phase. 
At least one captain was always present to oversee 
construction and material testing . This ensured 
testing was performed according to ASTM standards 
and construction was accurate. Captains delegated 
specific tasks to individual team members and taught 
them proper techniques . The individual improvement 
of these techniques throughout the process ensured 
high quality in every aspect of the project. 
To ensure a safe work environment , captains 
educated the team on proper materials handling and 
the correct use of ools and personal protective 
equipment. A team ca tain checked that proper safety 
practices were ma· t · ed during the aterials 
testing and constructi of the canoe. 
oordinated 
practices. 0v 
quality control , 
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The design team focused on creating a hull 
design that would maintain tracking without 
sacrificing maneuverability. Low maneuverability in 
Canoebis indicated that a modified hull design was 
necessary . Canoebis was modeled after a professional 
racing canoe , the Wenonah Jensen V-1 Pro 
(Wenonah , 2014) , but it was evident in the endurance 
races that the hull design did not perform as 
expected. Canoebis sat too deep in the water because 
of the increased weight , resulting in a significant loss 
of maneuverability. This year the team decided to use 
the NCCC standard hull design as a baseline 
(ASCE/NCCC , 2014). 
Three 1 : 15 scale models 
were 3D printed to compare 
different hull design 
modifications (See Figure 
3). One was a model of 
Canoebis, and two were new 
designs the team developed . 
A model of Canoebis was 
created to serve as a 
comparison to determine 
whether these new designs 
had improved hydrodynamic 
characteristics to fulfill team ._ _______ _, 
goals. Figure 3: 30 Models used 
in Testing (Yellow); Final 
The design team used Hull (Blue) 
Froude similitude to scale these models because 
inertia and gravity forces tend to control in hull 
design due to wave action . Dynamic similarity was 
maintained as a result (Finnemore and Franzini , 
2002). This allowed the team to determine the weight 
of the models and velocity of the water required to 
accurately test the models in a hydraulic flume. 
Table 4: Results of Model Testin 
0.026 lb 2.44 sec 
0.016 lb 2.27 sec 
Model 2 0.020 lb 2.03 sec 
Promonto 0.018 lb 2.21 sec 
To begin testing , the design team placed each 
model in a flume and attached it to an electronic 
balance to measure the drag force at typical paddling 
velocities. For the relative maneuverability test, 
models were placed in a tank and a force acting 
normal to the length of the canoe was applied at the 
bow. The design team measured the time required for 
the model to complete the 90° turn and align with the 
force. After multiple iterations of these tests , an 
average turning time was taken; it was determined 
that Model 1 had the lowest drag forces while Model 
2 had the fastest turning times (see Table 4). An 
initial hull design was created combining these 
strengths. 
This initial hull design was used to create a 
practice canoe (See Practice Canoe, Pg. 7) and a 
fiberglass test canoe . During initial float tests , the 
fiberglass canoe revealed flaws in the hull design. 
Due to the lack of a rocker and a narrow cross 
section, the canoe was unstable and maneuvered 
poorly . To overcome these flaws , the team shortened 
the canoe by 2', added a 2" linear rocker from 
midship to the bow and stem , and made the midship 
section 2" wider. Reducing the length and adding a 
rocker reduces the resisting forces generated while 
turning. A full-scale wooden canoe was constructed 
to ensure that these changes were effective and that 
the paddlers would have an accurately shaped canoe 
to practice in. The team qualitatively verified the 
efficacy of these changes during subsequent practices 
and feels that Promontory meets the original design 
goals. The team tested a final 3D model (see Figure 
3) to provide quantitative results (see Table 4). Table 
5 shows the dimensions of Promontory compared to 
the standard hull design and Canoebis (see Design 
Drawing , Pg. 10). 
1 '-4'" 1'-6" 
I ' -2" I ' -0.2" 
I '-2" 1'-0.4" 
2' -2.75" 2'-7.184" 2·-10·· 
STRUCTURAL ANALYSIS 
The purpose of the structural analysis was to 
calculate the maxi m tensile and compressive 
stresses that Promo tory would experience both 
longitudinally and la ra y, in order to develop an 
PROMONTORY 
adequate concrete mix. Two-dimensional structural 
analysis techniques were used to determine these 
stresses. A new lateral analysis was performed 
because of longitudinal cracking in Canoe bis during 
last year ' s competition. 
The longitudinal analysis was performed to 
determine which loading scenario would generate the 
largest maximum moment along the length of the 
canoe. The loading cases consisted of transportation , 
display, two woman, two man, and co-ed (two men 
and two women) . 
Point loads were applied for each paddler on the 
top of a beam representing the canoe. A trapezoidal 
distributed load was used to represent the buoyant 
force based on the amount of displaced water along 
Promontory 's length (see Figure 4). The ordinates of 
ppaddler 
Figure 4: Free Body Diagram Used in Longitudinal Analys is 
the trapezoid , w 1 and w2, were adjusted to ensure 
equilibrium between the resultant buoyant force and 
the combined weight for each loading scenario. 
Accounting for dynamic loading, these weights were 
assumed to be 225 lbs for male paddlers , 150 lbs for 
female paddlers , and 225 lbs for Promontory . The 
distributed buoyant load acting on the bottom of the 
canoe was found for each loading scenario based on 
this resultant force . During transportation , the beam 
was supported at one foot increments along its length. 
While on display, the canoe was modeled as a simply 
supported beam. 
Shear diagrams were created for each loading 
scenario . Applying Euler-Bernoulli Beam Theory and 
integrating the shear forces provided the moment 
values along the canoe (Timoshenko , 1953). Table 6 
shows the maximum applied moments . The two man 
loading scenario is the controlling case, with the 
maximum moment located 10' -4.3" from the bow of 
Promontory . Using the principle of flexure, the 
maximum longitudinal tensile and compressive 
stresses were then found on the cross section at this 
location (see Development and Testing , Table 7). 
118.38 lb-ft. 
548.44 lb-ft. 9'-9'' 
0.96 lb-ft. 9'-9"' 
609.67 lb-ft. I0 ' -4.3'' 
Two Woman 509.16 lb-ft. 10' -l.9 " 
In Promontory, tension develops in the gunwale 
during paddling and in the bottom of the hull while 
on display. Steel cables are located on either side of 
Promontory in both the gunwale and along the 
bottom to support this tension . The design team used 
the maximum tensile stress from each case to 
calculate the amount of total tensile force needed in 
the cables. This total tensile force translated to four 
cables along the gunwale (two on either side) and 
four cables along the bottom of the hull (two on 
either side), each pre-tensioned to 150 lbs. 
The co-ed loading controls the lateral analysis 
because Promontory displaces the greatest volume of 
water due to the total combined weight. This 
displacement causes the largest normal buoyant 
forces acting on the exterior of the canoe. These 
hydrostatic forces were calculated by determining the 
location of the waterline at a cross-section of the 
midship (see Figure 5). These forces were then 
Water surface .... 
"'='" 
Figure 5: Free Body Diagram Used in 














bottom of the 
canoe . The principle of flexure was again used to 
determine the maximum stresses on the lateral cross-
section. 
Table 7 shows 
lateral stresses and 
withstand stresses ex 
e calculated longitudinal and 
dicates that Promonto ry will 





















DEVELOPMENT AND TESTING 
The mix design team set a goal to create a unique 
concrete mix that would be economically and 
environmentally sustainable , workable , strong, and 
less than 55 pcf. To achieve these goals, the team 
researched and tested various aspects of the concrete 
mixture to create a mix design with the strength-to-
weight ratio best suited for the canoe. The mix design 
for Canoebis was used as a baseline for Promontory 
and 40 variations were tested. 
Testing to create a new mix design began by 
determining the ideal cementitious material mixture. 
Varying ratios of Portland cement , fly ash and 
VCAS™ were cast into 2" mortar cubes and tested in 
compression following ASTM C109 (2013b). After 
performing these tests , the team found a base mortar 
that was 22% stronger than what was used in 
Canoebis. The cementitious material ratio for 
Promontory is 59% white Portland cement, 18% fly 
ash and 24% VCAS™ 160. 
After selecting the mortar 
mixture , concrete mixes were 
tested by varying aggregates , 
using the aggregate gradation of 
Canoe bis as a base. Canoebis ' 
mix followed a modified Fuller 
curve with a 0.22 exponent 
( 1906). In order to lower the 
water-cementitious (w/cm) ratio, 
the Promontory mix was 
designed to more closely follow 
the Fuller curve (0.5 Power 
Curve). This provided a coarser 
gradation and lowered the w/cm Figure 6: Breaking 
Test Cy linders (ASTM 
ratio from 0.6 to 0.435 . 
To match the curve , one new aggregate , ceramic 
spheres , was tested but was too heavy to meet the 
desired 55 pcf design goal. Two of the finest 
aggregates , 3M™ IM16K and IM30K, were removed 
from the mix, which reduced the cost of concrete by 
57%. 
The aggregates that were chosen for the 
structural and finishing mix included a mixture of 
Poraver ® microspheres (varying in size from 0.25 -
2.0 mm). These were chosen for their compressive 
strength, weight , and environmental sustainability. 
HG75/400 Cenospheres were also used, along with 
3M™ K-1 glass bubbles. The Promontory , Canoebis, 
and 0.5 Power Curve gradations are shown in Figure 
7. 
Because the concrete for Promontory was to be 
applied manually to the vertical sides of the male 
mold, workability was a concern for the design team . 
100 
~ 
.5 60 +-- __::.~ - ~ ::------
IJ,. 
~ 40 +---- --"' ...;,,,-- -
0 
i w - ~ - -
Particle Size (mm) 0. 1 
-0.5 Power Curve -- Promontory 
-- canoebis 
Figure 7: Gradation Curves 
while maintaining homogeneity. 
structural mix had a slump of 0.25". 
Two criteria 











Aggregates were moisture-conditioned to a 
saturated surface dry state - the point where the 
aggregates would neither discharge into nor absorb 
water from the concrete mix - prior to mixing. This 
maintained the workability of the mix by preventing 
premature drying caused by aggregate water 
absorption. 
After selecting the aggregate gradation , three 
sizes of polyvinyl-alcohol (PV A) fiber were added to 
increase tensile strength and cohesion throughout the 
mix. Splitting tensile tests were performed according 
to ASTM C496 (2013e) to verify that sufficient fibers 
were included to meet tensile analysis results (See 
Table 7). 
Table 7: Maximum Stresses 
St res- l'm111t111t11rr \ Required Required 
( 0lllTete Lo11uit111li11alh I ateralh 
Max. Tensile 160 psi 42.8 psi 122.6 psi 
Max. 
Compressive 
1270 psi 71.6 psi 122.6 psi 
Promontory is 
concrete. Because o 
required to decrease 
canoe. MasterAir ® 
pproxirnately 85% structural 
this , a high air content was 
t composite density, of the 
0 air-entraining admixture 
al mix to improve plasticity , 
PROMONTORY 
workability , water resistance , and increase air content 
(BASF, 2008a) . The admixtures that were included in 
both structural and finishing mixes were 
MasterPolyheed ® 997 Mid-Range Water-Reducing 
Admixture and MasterGlenium ® 3030 High-Range 
Water-Reducing Admixture . Both were included to 
increase workability of the concrete mixtures , 
increase setting strength , improve the cohesion of the 
finishing mix, and the finishability (BASF, 2008b 
and 2008c) . For the first time, the team used 
MasterSet ® AC 534, a non-chloride accelerator , to 
achieve higher early strengths. QUIKRETE ® 
Concrete Bonding Adhesive was added to the 
finishing mix because it decreases permeability and 
increases strength . QUIKRETE ® was not included in 
the structural mix because it significantly reduces air 
content. 
TENSILE REINF ORCEMENT 
Pre-tensioned steel cables and fiberglass mesh 
provided active and passive reinforcement. Although 
the analysis indicates that the tensile strength of the 
concrete is sufficient to withstand the stresses 
Promontor y will experience , eight steel cables were 
used to provide an added safety factor and capture 
tensile stresses to avoid concrete cracking. 
To determine the ultimate tensile strength of the 
steel cables, a tension test was performed according 
to ASTM A931 - 08 (2013f) . The ultimate tensile 
strength was desired to ensure that cables would not 
fail during pre-tensioning or the curing process . The 
test results concluded that the nominal breaking 
strength of the cable matched the actual strength of 
480 pounds . 
In previous canoes , cables lost tension before the 
concrete had cured. To investigate the cause, the 
design team performed a relaxation test. The length 
of a steel cable was measure d. The team tensioned 
the cable to 150 pounds for 28 days. Length 
measurements were taken at the end of the 28-day 
test and compared to the initial length. There was no 
variation in cable length before and after the test. 
After eliminating relaxation as a cause of tensile 
losses, the team determined that the concrete was not 
bonding to the cables . To remedy this, aluminum 
stops were placed on each of the eight cables at 3' 
intervals along the length of the canoe. 
The design team performed a modified third-
point load test (ASTM C78, 2013c) by casting a 6" x 
20" x 3/8" slab that 
represented a wall 
section of 
Promontory (see 
Figure 8). The 
composite modulus 
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Figure 8: Composite Flexural Test 
To reduce Promonto ry 's environmenta l impact, 
the concrete mix contains several recycled 
aggregates . Poraver® microspheres are made of post-
consumer recycled glass and Cenospheres are a 
byproduct of coal combustion . 
Economic sustainability was another goal of the 
design team for the concrete mix. In addition to 
seeking admixture donations from companies , the 
concrete mix was simplified by removing the most 
expensive aggregates and cementitious materia ls. 
Two aggregates and one cementitious materia l 
(Xypex) were removed , lowering costs by $100 per 
cubic ft (see Table 8 for cost comparisons of concrete 
mixes). 
The team reduced waste by decreasing the 
amount of concrete made for each iteration during the 
testing phase. On casting day, special care was taken 
to minimize concrete waste by mixing manageab le 
0.15 cubic ft batch sizes. 
Promontory' s mix design achieved the goals of 
compressive strength, environmental sustainability , 
and unit weight while saving money on aggregates 
and cementitious materials. The use of only two 
mixes reduced concrete waste and streamlined the 
casting process , resulting in less person hours used 
towards construction. The development and testing of 
Promontory contributed to a cost effective and 























The more maneuverable hull design for 
Promontory provided new and exciting challenges in 
the construction process . Building on past 
construction methods , the team constructed the mold 
and cast the canoe efficiently while maintaining the 
needed tension in the steel reinforcement cables. This 
year , the team wanted to achieve a more efficient 
construction process by decreasing the amount of 
time needed for finishing the canoe. New 
construction techniques were added into the mold 
creation process to achieve the desired final product. 
Sugru ® substitute was used to create intricate inlays 
and metal forms allowed the gunwales to be cast to 
perfection. 
PRACTICE CANOE 
The team builds a practice canoe each year to 
provide the team captains an opportunity to help new 
members practice the construction skills needed for a 
high quality final product. 
The concrete practice canoe used the mold 
construction method of Canoebis, where 6" thick 
pieces of expanded polystyrene were placed between 
sheet metal cross-sections and cut using a hotwire. A 
total of 43 cross-sections were cut and assembled to 
create a male mold (see Figure 9). This process 
required a significant 
amount of time to sand , 
sculpt with drywall 
mud , and carve to reach 
the desired shape . To 
save time , the captains 
explored more efficient 
options for constructing 
Promonto ry's form. 
FORM CONSTRUCTION 
Figure 9: Foam Sections for 
Practice Canoe 
Once the plans for the competition canoe were 
finalized , construction for Promontory began using 
expanded polystyrene . Rather than cutting individual 
6" sections , a professional hotwire company agreed 
to donate the foam and cutting time. Using a precise 
hotwire , the form was cut in three separate sections 
that were glued together after delivery (see Figure 
10). This process permitted an extra week of time for 
final preparations before casting. 
For the last three years , USU has included a 
three-dimensional inlay to emphasize the year ' s 
theme (see Finishing , Pg. 8). With the exception of 
the rails , the bottom interior of the hull consisted 
primarily of Sugru ® substitute , providing detail to 
Figure IO: Foam Sections for 
Final Canoe 
the railroad ties and 
rock textures that 
decorate the bottom of 
the hull. The mold side-
walls feature hand 
carved mountains and 
plains. Once the design 
inlay was complete , the 
form was coated with 
Styropoxy TM to protect 
the mold during casting and aid with demolding. 
REINFORCEMENT 
Promontory features two reinforcement systems 
to resist tensile forces associated with the loading 
scenarios. The team placed two cables in each 
gunwale and rail (see Design Drawing , pg 10) and 
pre-tensioned these cables to 150 lbs each using a 
simple lever and pulley system. A scale was attached 
to the end of the lever to monitor the tension force 
throughout the curing process. 
To enhance reinforcement throughout the hull 
and protect against puncture , fiberglass mesh was 
draped , cut , and formed to the foam mold prior to 
casting to ensure a snug fit. 
CASTING 
Utilizing the team and a group of volunteers 
totaling 31 people , Promontory was cast in 3.5 hours. 
This was done in four steps . First , a thin layer of 
finishing mix was painted on the foam mold to help 
preserve the details of the inlay and reduce finishing 
time . Next , a structural mix was applied to a 
thickness of 3/16" using plywood board as a depth 
gauge. Third , the pre-fitted fiberglass mesh was 
placed over the first o layers of concrete. Finally , 
another ½6" layer of ctural mix was applied using 
the same depth gauge od. 
PROMONTORY 
Once the casting was complete , a wet curing 
process was used to ensure maximum strength. The 
canoe was covered in wet cloths and then wrapped in 
plastic to prevent dehydration. An ambient 
temperature of 75°F was maintained to aid the curing 
process . Team members soaked the cloths twice a 
week during the 21-day curing period . 
SANDING 
In the past , sanding required many person-hours 
after the canoe was pulled from the mold. In order to 
allow more finishing time between casting and the 
conference competition , sanding for Promontory 
began one week after casting. The team completed 
these early iterations of sanding before demolding. 
After the initial 21-day cure, the team removed 
Promontory from the form. 
FINISHING 
Special care was taken in the final finishing 
steps. The design team developed an extra hard 
finishing mix to enhance the details of the inlays and 
shield the structural mix. Two iterations of applying 
finishing mix and sanding 
up to 5000-grit were used 
to create a smooth figure. 
Because finishing 
mix was painted onto the 
mold during casting , 
Promontory 's interior 
required only spot-
treatment and sanding 
touch-ups. This 
significantly reduced 
finishing time and allowed Figure 11: Inlay Tracks and 
more time to apply stain. Rails 
Team members molded animal figurines using 
Sugru® substitute to create more detailed three-
dimensional figures. These animals were then 
attached to the inside of the canoe to enhance the 
hand carved scenery . 
The team used acid stain to create a weathered-
wood look on the inlaid railroad ties and rails. The 
skylines on the interior and exterior walls of 
Promontory were left bare to provide a natural look. 
SUSTAINABILITY 
Each year the team endeavors to create a quality 
product , while maintaining a high level of 
sustainability . The expanded polystyrene from the 
mold was returned to the manufacturer to be recycled 
and reused for new products. Team members built the 
construction table out of leftover wood from previous 
projects and sealed with paint from the local landfill 
reuse shed. To reduce hazardous waste, the team used 
remaining stains from Canoebis . 
INNOVATION 
This year the 
gunwale is centered on 
the walls of the canoe to 
provide a T-shape look. 
In the past , the gunwales 
were formed by hand, 
leaving many flaws. This 
year , the team used sheet 
metal sections to cast the 
gunwale to perfection. Figure 12: Sheet Metal 
Using a Sugru® substitute Sections with Train Track 
mold of an HO scale train track , a model track was 
cast onto the top of the gunwale (see Figure 12). 
Bridges were built at the bow and stem to allow 
the track to run continuously along the gunwale. This 
allows a working battery-powered model train to 
travel nonstop around the gunwale. The bridge 
construction method was inspired by accelerated 
bridge construction (ABC), a Federal Highway 
Administration program pioneered by the Utah 
Department of Transportation where bridges are cast 
offsite and then transported to location for 
installation. This method reduces onsite construction 
time and increases site constructability (Federal , 
2013). The bridges on Promontory were pre-cast 
separately from the canoe to precise measurements 
and added once the canoe was demolded. This 
allowed more time for finishing around the bridge 
sites . 
Through precisi n casting , the Utah State 
University Concrete Canoe Team has created 
Promontory in memo o a true engineering marvel , 
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BILL OF MATER IALS 
QTY DESCR IPTION 
CUBIC FT. EXPANDED 
POLYSTYRENE 
6 
4' x 8' PARTICLE BOARD 
(2 LAYERS) 
200 ft. l 1s" STEEL CABLE 
8 
2" x4 " WOOD 
ANCHOR BLOCKS 
12 STEEL WASHERS 
15 SCREWS 
10 lb. SUGRU SUBSTITUTE 
.75 gal STYROPOXY ™ 
TENSION SCALE 
8 
CABLE GUIDE BLOCKS 
(CONCRETE ) 
4 
CABLE GUIDE BLOCKS 
(SUGRU SUBSTITUTE) 
6 PULLEY 
48 332" ALUM INUM STOP 
48 STEEL GUNWALE MOLD 
Notes: 
1. Build wood table. 
2. Cut 2" rocker on pre-cut bow 
and stern foam sections. 
3. Place three foam sections on 
table and secure with glue and 
screws. 
4. Apply drywall compound to fill 
cracks between foam blocks 
5. Carve inlay on vertical faces . 
5. Place Sugru substitute inlay 
molds on form. (Not shown) 
6. Apply two coats of Styropoxy ™. 
7. Setup pulley system and place 
tension cables. 




Drawn By: Nate Decker 
Checked By: Nathan Fox 
Date: Feb. 2, 2014 
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( APPENDIX B: MIXTURE PROPORTIONS 
1% 
A4 Poraver® 0.25-0.5 21% 
A5 Poraver® 0.5-1.0 18% 




Mass of Concret 1469.50 
V Absolute Volu 21.580 
T Th 68.10 
D 54.43 
D 
A Air Content,% 
y Yield, t 








APPENDIX C: BILL OF M ATERIALS 
Form Construction 
.l/aterial Quallli~I' l '11it\ l '11it CO\t Total Price 
E Lum Sum S190.00 $190.00 { 
Sugru Substitute Lump Sum $ 155.54 $155.54 
I I I ' 
Total Cost of Form Construction S396.40 
Concrete Materials 
.l/aterial Qu,mti~r l '11it\ l '11it Co.\/ Total Price 
I White Portland Cement 79.03 lbs $0.36 $28.59 
15.17 lbs $1.32 $19 .98 
11.38 lbs $0.21 $2.39 
PV A RSC 15 Fibers 1.15 lbs $14.00 $16.11 
PVA RFS400 Fibers 0.38 lbs $15.00 $5.69 
PV A RFS4000 Fibers 0 .47 lbs $20.00 $9.34 
Ceno heres 14.73 lbs $7.00 $103.14 ( I 
3M™KI 1.66 lbs $10.00 $16.60 
Poraverl> 0.25-0.5 11.64 lbs $1.99 $23.16 
Poraver® 0.5-1.0 16.63 lbs $2.01 $33.36 
( 
Poravd 1.0-2.0 16.63 lbs S2.01 S33.36 
Type S Hydrated Lime 11.38 lbs $0. 19 $2.20 
MasterPo heed~ 997 24.33 fl oz $0.0S $1.22 
MasterGlenium ® 3030 19.06 fl oz $0.13 $2.48 
MasterSd A C S34 12.89 fl oz SO.IO $1.29 
MasterAir® A E 90 fl oz 
1/ 16" Steel Cable 160 ft $0.09 $14.60 
Aluminum S 48 ieces SO.IO $4.80 
22 Gauge Galvanized Wire 12 ft $0.03 $0.34 
1/2" x 1/8" Steel Bar 2 ft SI.SO $3.00 
Total Cost of Reinforcement S204.26 
Finishing 
.l/ateria/ Qmmti~r l '11it\ l '11it Co\t Total Price 
VIVIDTM Acid Stain 0.25 p) S39.95 $9.99 
QuickDye™ Solvent-Based Dye 0.1 gal $30.00 $3.00 
H&C~ Concrete Stain 1 aal $23.47 $23.47 . -Ch M t ® C tal Cl $14 00 $14 00 
Total Cost of Finishing S50.46 
Ji,tal Proc/11ctio11 ( ·,Ht of l'romolllory S966.98 
